Microatolls are discoid corals that have grown laterally because vertical growth is constrained by exposure at lowest tides. We demonstrate that a modern reef-flat Porites microatoll from Christmas (Kiritimati) Island preserves an oxygen isotope record of substantial sea surface temperature variations related to El Niño-Southern Oscillation (ENSO). We also show that a late Holocene fossil microatoll from the centre of the island contains interannual oxygen isotope variations over an approximate 20-year period. Three pronounced negative isotope anomalies attributed to warm El Niño events are superimposed on an annual cycle. El Niño events similar to those seen in recent decades appear to have been a feature of mid-Pacific climate in the late Holocene. Analysis of further microatolls offers a source of pre-instrumental El Niño tropical climate data. It may be possible to extend the NINO-C proxy to indicate intensity and frequency of ENSO over the past three millennia. Analysis of further microatolls offers a source of preinstrumental El Nifio tropical climate data. It may be possible to extend the NINO-C proxy to indicate intensity and frequency of ENSO over the past three millennia.
Introduction
El Nifio and La Nifia events are recurrent aperiodic variations in the equatorial Pacific driven by the windfield and movement of warm water in the central and eastern Pacific.
They are strongly associated with the Southern Oscillation, reflecting pressure differences between the western and central Pacific. E1 Nifio-Southern Oscillation (ENSO) events are quasi-cyclic with a typical periodicity of 2 to 7 years and have global teleconnections.
It has been suggested that the intensity and frequency of ENSO events may have changed as a result of anthropogenic influences such as an enhanced greenhouse effect [Trenberth and Hoar, 1996] . Two particularly intense (1982-3, 1997-8) and one especially 'persistent' (1990-5) E1 Nifio occurred since 1970 [Kerr, 1999] . Climate models indicate increased frequency under future warmer conditions forced by elevated greenhouse-gas concentrations [Timmermann et al., 1999] .
While ENSO events are well documented in historical records, extension using multi-proxy paleoclimate data presently allows reconstruction back about 500 years [Dunbar et al., 1994] . This is insufficient to effectively evaluate whether such unusual ENSO events might be within natural variability [Dovgalyuk and Klimenko, 1996 (for the area bounded by 150-90øW, 5øN -5øS ). On Tarawa, more than 3500 km to the west, it has been demonstrated that the oxygen isotope record in corals is primarily driven by salinity-dilution by rainfall, against which small sea surface temperature differences are secondary [Cole et al., 1993 Our results are especially significant for several reasons. First, we demonstrate that microatolls in very shallow water subject to periodic emergence of their upper surface during very low tides preserve records that can be reliably related to El Nifio. These may be extended back as prehistoric proxies for ENSO. Second, we show that fluctuations similar to those associated with ENSO were occurring during the late Holocene. The fossil coral, growing under conditions of higher sea level in the late Holocene, appears to record El Nifio events of comparable frequency and intensity to those experienced in the past two decades. Fossil microatolls, ranging in age across the past 3000-4000 years, occur at several interior sites on Christmas Island [Woodroffe and McLean, 1998 ], and are more accessible and easier to sample than fossil deeper-water massive corals. Detailed analysis of longer records from these mid-late Holocene microatolls, from this particularly sensitive site, offers the prospect of an insight into the natural variability of ENSO events, and a more extensive record of a NINO-C proxy of global significance.
